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(57) ABSTRACT

The present invention generally relates to a floating gate
structure and method of forming the same. The floating gate
structure has an upper portion which is wider than a middle
portion of the floating gate structure. The upper portion may
have a flared, rounded or bulbous shape instead of being
pointed or having sharp corners. The reduction in pointed or
sharp features of the upper portion reduces the electric field
intensity near the upper portion, which decreases current
leakage through the interpoly dielectric. The method includes
forming a nitride cap on the upper surface of the floating gate
structure to assist in shaping the floating gate. The floating
gate is then formed using multiple selective oxidation and
etching processes.
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1
FLOATING GATES AND METHODS OF
FORMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of U.S. Provisional Patent
Application Ser. No. 61/436,144, filed Jan. 25,2011, which is
herein incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the present invention generally relate to
floating gate structures useful in flash memory.

2. Description of the Related Art

As logic devices continue to scale down according to
Moore’s Law, processing challenges develop. One such chal-
lenge arises in floating gate NAND flash memory chips,
which feature transistors that incorporate two gate elements,
a control gate and a floating gate, to enable each transistor to
assume more than one bit value. Floating gate NAND
memory forms the basis of most USB flash memory devices
and memory card formats used today.

As NAND memory is scaled down, the geometry of the
various components—including the physical space between
the floating gates—becomes more challenging for manufac-
turers. To increase the space between floating gates, it is
possible to slim the floating gate structures themselves. How-
ever, this approach reduces the top area of the floating gates,
which leads to a dominance of sidewall capacitance of an
interpoly dielectric (IPD) disposed over the floating gate.
Additionally, the slimming process can be inefficient, since it
requires multiple oxidation/etching iterations.

Furthermore, when reducing the thickness of the floating
gate, it is possible to remove too much material, thereby
producing a pointed tip on the upper surface of the floating
gate. Consistent with Gauss’s Law (E=Q/2*x*&*r), which
states that electric field intensity is inversely proportional to
the radius of curvature, the pointed shape of the slimmed
floating gate generates a strong electric field near the pointed
tip of the floating gate. The strong electric field near this point
results in current leakage through the IPD, which can cause
device degradation and/or device failure.

With NAND flash memory increasing in popularity as a
convenient storage medium, there is a need for improved
manufacturing processes to overcome scaling challenges par-
ticular to NAND flash devices.

SUMMARY OF THE INVENTION

The present invention generally relates to a floating gate
structure and method of forming the same. The floating gate
structure has an upper portion which is wider than a middle
portion of the floating gate structure. The upper portion may
have a flared, rounded or bulbous shape instead of being
pointed or having sharp corners. The reduction in pointed or
sharp features of the upper portion reduces the electric field
intensity near the upper portion, which decreases current
leakage through the IPD. The method includes forming a
nitride cap on the upper surface of the floating gate structure
to assist in shaping the floating gate. The floating gate is then
formed using multiple selective oxidation and etching pro-
cesses.

In one embodiment, a method of forming a floating gate
structure comprises forming a silicon nitride cap on an upper
surface of a floating gate. The method further comprises
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etching one or more field oxides positioned adjacent to the
floating gate, and oxidizing a portion of the floating gate to
form silicon dioxide. At least a portion of the one or more field
oxides and the silicon dioxide of the floating gate are
removed.

In another embodiment, a floating gate structure for a flash
memory device comprises a bottom portion, an upper portion,
and a middle portion disposed therebetween and coupling the
bottom portion to the upper portion. The middle portion has a
width less than a width of the upper portion and the lower
portion.

In another embodiment, a floating gate structure for a flash
memory device comprises a bottom portion, an upper portion,
and a middle portion disposed therebetween and coupling the
bottom portion and the upper portion. The upper portion
includes an upper surface which is substantially planar and
lateral side portions with rounded edges. The middle portion
has a width less than a width of the upper portion and the
lower portion.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of
the present invention can be understood in detail, a more
particular description of the invention, briefly summarized
above, may be had by reference to embodiments, some of
which are illustrated in the appended drawings. It is to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

FIGS. 1A-1K are schematic illustrations of a substrate
having a floating gate formed thereon.

FIG. 2 is a schematic illustration of a floating gate.

To facilitate understanding, identical reference numerals
have been used, where possible, to designate identical ele-
ments that are common to the figures. It is contemplated that
elements disclosed in one embodiment may be beneficially
utilized on other embodiments without specific recitation.

DETAILED DESCRIPTION

The present invention generally relates to a floating gate
structure and method of forming the same. The floating gate
structure has an upper portion which is wider than a middle
portion of the floating gate structure. The upper portion may
have a flared, rounded or bulbous shape instead of being
pointed or having sharp corners. The reduction in pointed or
sharp features of the upper portion reduces the electric field
intensity near the upper portion, which decreases current
leakage through the IPD. The method includes forming a
nitride cap on the upper surface of the floating gate structure
to assist in shaping the floating gate. The floating gate is then
formed using multiple selective oxidation and etching pro-
cesses.

Selective etching and formation processes described
herein may be performed within a SICoNi™ chamber avail-
able from Applied Materials, Inc. of Santa Clara, Calif. It is
contemplated that other chambers, including those produced
by other manufacturers, may also benefit from embodiments
described herein.

FIGS. 1A-1K are schematic illustrations of a substrate
having a floating gate formed thereon. In FIG. 1A, a substrate
102 is shown. The substrate 102 is monocrystalline silicon;
however, it is contemplated that other types of substrates may
also be used, such as polysilicon. In FIG. 1B, a tunnel oxide
layer 104 is shown disposed on the upper surface of the
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substrate 102. The tunnel oxide layer 104 is silicon dioxide,
and is positioned to electrically isolate the substrate 102 from
the subsequently formed floating gates. The tunnel oxide
layer 104 is formed on the upper surface of the substrate 102
during a thermal oxidation process. Although the tunnel oxide
layer 104 is shown as a single layer, it is contemplated that the
tunnel oxide layer 104 may include multiple layers, for
example, a first silicon oxide layer, a silicon nitride layer, and
a second silicon oxide layer. The silicon nitride and the silicon
oxide layers may be formed during selective nitridation or
oxidation processes, respectively, or by chemical vapor depo-
sition or atomic layer deposition. The first silicon oxide layer,
the silicon nitride layer, and the second silicon oxide layer are
generally deposited to a thickness about equal to the thickness
of the single silicon dioxide layer.

FIG. 1C illustrates a polysilicon layer 106 positioned on
the upper surface of the tunnel oxide layer 104. The polysili-
con layer 106 can be deposited by chemical vapor deposition
or atomic layer deposition. In FIG. 1D, trenches 108 are
formed within the polysilicon layer 106, the tunnel oxide 104,
and the substrate 102 to define the floating gates 107. The
trenches 108 are generally formed using a conventional mask
and etch process. After the trenches 108 have been formed, an
oxide, such as silicon dioxide, is deposited within the
trenches 108 to form field oxides 110. The field oxides 110
may be deposited by atomic layer deposition or chemical
vapor deposition. FIG. 1E illustrates the removal of portion
112 from the upper surface of the device 120. The portion 112
is removed during a chemical mechanical polishing process
to ensure a planar and uniform upper surface on the device
120.

FIG. 1F illustrates the device 120 subsequent to a selective
nitridation process. The selective nitridation process forms a
silicon nitride cap 114 on the top surfaces of the floating gates
107. The nitridation process is preferential to polysilicon as
compared to silicon dioxide, thus, silicon oxynitride is not
formed on the upper surface of the field oxides 110. The
silicon nitride cap 114 is used to protect and enable shaping of
the upper surfaces of the floating gates 107 during a subse-
quent oxidation process. The nitride cap 114 also includes
lateral side portions 114a, which are formed due at least
partly to the diffusion of nitrogen radicals along the interface
of the field oxides 110 and the floating gates 107. In addition
to the diffusion of nitrogen radicals along the interface, the
lateral side portions 114a may also be formed due to dishing
during chemical mechanical polishing of portion 112. The
silicon dioxide which forms the field oxides 110 is relatively
softer than the polysilicon which forms the floating gates 107,
thus, the field oxides 110 are removed at slightly greater rate
than the floating gates 107. This may result in the upper
surface of the field oxides 110 being slightly below the upper
surface of the floating gates 107 subsequent to the chemical
mechanical polishing step. Therefore, the lateral edges of the
floating gates 107 are partially exposed near the top surface of
the floating gates 107 after polishing, which may allow for
nitridation and formation of the lateral side portions 114a.
Alternatively, it is contemplated that the nitride cap 114 may
not include the lateral side portions 1144, and thus, would
have a uniform thickness across the top surface of the floating
gates 107.

The selective plasma nitridation process includes forming
nitrogen containing radicals (in situ or remotely) and expos-
ing the floating gates 107 and field oxides 110 to the nitrogen
containing radicals. The nitrogen containing radicals react
preferentially with silicon due to lower Si—Si bond energies
(326 kJ/mol versus 799 kJ/mol for Si—O bonds) to selec-
tively form Si—N bonds.
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The nitridation process is performed at a substrate tem-
perature between about 300° C. and about 1200° C., which
may be increased as the nitridation proceeds to combat sur-
face saturation. Alternatively, multi-step nitridation pro-
cesses may be performed, with a first step, for example,
performed at a low temperature of about 400° C. to form a first
nitride region and a second step performed at a higher tem-
perature of about 800° C. or higher to form a second nitride
region that may encompass the first nitride region, or may lie
below the first nitride region. Heating may be performed
using lamp heating, laser heating, use of a heated substrate
support, or by plasma heating.

Nitridation may be performed by thermal means alone, by
plasma means alone, or by a combination of the two. Selective
thermal nitridation may be performed using ammonia (NH;)
as the nitrogen containing species. Radical nitridation may be
performed using any relatively low molecular weight nitro-
gen containing species. Suitable precursors for radical nitri-
dation include, but are not limited to, nitrogen (N,), ammonia
(NH;), hydrazine (N,H,), lower substituted hydrazines
(N,R,, wherein each R is independently hydrogen, a methyl,
ethyl, propyl, vinyl, or propenyl group), and lower amines
(NR_H,, wherein a and b are each integers from O to 3 and
a+b=3, and each R is independently hydrogen, a methyl,
ethyl, propyl, vinyl, or propenyl group), amides (RCONR'R",
wherein R, R', and R" are each independently hydrogen, a
methyl, ethyl, propyl, vinyl, or propenyl group), imines
(RR'C—=NR", wherein R, R', and R" are each independently
hydrogen, a methyl, ethyl, propyl, vinyl, or propenyl group),
or imides (RCONR'COR", wherein R, R', and R" are each
independently hydrogen, a methyl, ethyl, propyl, vinyl, or
propenyl group).

Subsequent to the formation of the nitride cap 114, the field
oxides 110 are selectively etched. FIG. 1G illustrates the
device 120 having a recessed oxide 110. The field oxides 110
are selectively etched as compared to the polysilicon of the
floating gates 107 at a ratio of about 100:1. The oxide is
selectively etched by exposing the device 120 to an ionized
gas mixture containing NF,, NH;, and H,. The ionized spe-
cies then react to form NH,F and NH,HF,. The NH,HF,
dissociates into NH,* and HF,™. The HF,~ produced by the
dissociation then protonates the free electron pair of oxygen
found in the field oxides 110 to form a film of ammonium
hexafluorosilicate. The polysilicon of the floating gates 107
does not have a free electron pair, thus accounting for the
relatively greater etching rate of the silicon dioxide as com-
pared to the polysilicon of the floating gates 107. Once the
ammonium hexafluorosilicate film has been formed, the film
can then be thermally decomposed into volatile products and
exhausted from the chamber.

The field oxides 110 are etched for a sufficient time such
that the upper surface of the field oxides 110 are at a location
between about 20 percent and about 80 percent of the height
of the floating gate 107. For example, the top surface of the
field oxides 110 may be at a position between about 40 per-
cent and about 60 percent of the height of the floating gates
107. The amount of the oxide which is etched is dependent
upon the amount of oxide which is protonated during the
ammonium hexafluorosilicate film formation. Thus, longer
exposure times, and increases in the concentration of HF,~
will increase the amount of oxide removal. Additionally, as
will become apparent to one skilled in the art, the final shape
of' the floating gate 107 is affected by the amount of removal
of'the field oxides 110. Therefore, it is contemplated more or
less of'the field oxides 110 can be removed to affect the shape
of the floating gate 107 as desired.
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After selectively etching the field oxides 110, exposed
portions of the floating gate 107 are oxidized. FIG. 1H illus-
trates the device 120 having partially oxidized floating gates
107. The exposed portions of the floating gates 107 are oxi-
dized to form silicon dioxide, which is the same material from
which the field oxides 110 are formed. Thus, oxide is present
in the trenches 108 as well as on the outer surfaces of the
floating gates 107.

The floating gates 107 are thermally oxidized in an oxy-
gen-containing environment at a temperature of about 800
degrees Celsius or greater. The thermal oxidation process
preferentially oxidizes the polysilicon of the floating gates
107 as compared to the silicon nitride of the caps 114. There-
fore, only the polysilicon of the floating gates is oxidized into
silicon dioxide; the silicon nitride is not oxidized or is oxi-
dized at a negligible rate. The amount of oxidation of the
floating gates 107 depends upon the temperature during the
thermal oxidation process, the amount of oxygen provided,
and the length of time of exposure. Desirably, about 50 per-
cent or more of the total thickness of each of the floating gates
107 is oxidized during the thermal oxidation process.

The oxygen introduced to the processing environment dif-
fuses into the exposed silicon surfaces at approximately equal
rates. Thus, oxygen diffuses into each side of the floating
gates 107 to reduce the thickness of the polysilicon by form-
ing silicon dioxide on the outer edges of the floating gates
107. However, the upper portions 118 of the floating gates 107
are covered by the silicon nitride caps 114, which prevents of
oxidation of the covered polysilicon. This results in the upper
portions 118 of the floating gates 107 having a greater width
than the middle portions 116 of the floating gates 107, which
are not protected by the silicon nitride caps 114. Similarly, the
oxide layer present in the trenches 108 partially covers the
lower portions 122 of the floating gates 107, thereby reducing
oxidation of the lower portions 122 of the floating gates 107.
The lower portions 122 have sloping or curved surfaces dueto
the distance oxygen diffuses through the floating gates 107
and/or the reduced diffusion through the field oxide 110.
Thus, the lower portions 122 of the floating gates 107 will also
have a greater width than the middle portions 116 of the
floating gates 107. Furthermore, the lower portions 122 of the
floating gates 107 will generally have a greater width than the
upper portions 118 due to the shape and taper of the trenches
108. However, it is contemplated that the upper portions 118
of the floating gates 107 may have a width greater than or
about equal to the width of the lower portions 122.

After oxidation of the floating gates 107, the oxidized
portions of the floating gates 107 are removed, as are the
silicon nitride caps. FIG. 11 illustrates the device 120 having
the field oxides 110 etched and silicon nitride caps 114
removed. Similar to the etching of the field oxides 110
described with reference to FIG. 1G, the field oxides 110 are
again etched to expose the shaped floating gates 107. Desir-
ably, the upper surfaces of the field oxides 110 are etched to
the base of the slanting or curved surface of the lower portions
122 of the floating gates 107. If the field oxides 110 are etched
too much, then etching of the tunnel oxide 104 may occur.
Excessive etching of the field oxides 110 results in the lower
portions 122 of the floating gates 107 overhanging etched
portions of the tunnel oxide, which can reduce device longev-
ity and performance.

The field oxides 110 are etched by forming an ammonium
hexafluorosilicate film, and then sublimating the film. The
silicon nitride caps 114 can be simultaneously or subse-
quently removed in the same chamber by adjusting the etch-
ing chemistry present within the chamber. As described
above, the ionized species with the etching gas react to form
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NH,F and NH,HF,. The NH,HF, dissociates and is respon-
sible for the etching of silicon oxide, while the NH,F disso-
ciates into NH,* and F~ and is responsible for the etching of
silicon nitride. Thus, it will become apparent to one skilled in
the art that that selectivity of the etching gas can be varied by
adjusting the concentrations of NF;, NH;, and H, within the
etching gas, thereby changing the concentrations of the reac-
tants in accordance with La Chatelier’s Principle. For
example, increasing the concentration of NH; in the feed gas
increases the amount of HF,™ produced, which increases
oxide etching. Conversely, reducing the concentration of NH;
and increasing the concentration of H, in the feed gas results
in a greater concentration of the fluoride ion, which results in
greater silicon nitride etching.

Alternatively, the chemistry of the etching gas can be
adjusted such that only the silicon oxide is etched, and the
silicon nitride caps 114 remain on the floating gates 107 and
are incorporated into the final device. The presence of the
silicon nitride cap may assist the final device in resisting
breakdown due to high electric fields. Furthermore, an addi-
tional oxidation of polysilicon and selective etching of silicon
dioxide may be performed to smooth the surfaces of the
floating gates 107, and to reduce any sharp peaks or corners
which may be present. After the field oxides 110 have been
etched, an IPD 130 and control gate 136 may then be depos-
ited over the floating gates 107.

FIG. 17 illustrates the device 120 having an IPD 130
formed thereon. The IPD 130 includes a first nitride layer 131,
a first oxide layer 132, a second nitride layer 133, a second
oxide layer 134, and a third nitride layer 135. The first nitride
layer 131 may be deposited on the floating gates 107 by
chemical vapor deposition, atomic layer deposition, plasma-
enhanced chemical vapor deposition, plasma-enhanced
atomic layer deposition, or formed by selective nitridation.
The first oxide layer 132 is then deposited on the first nitride
layer 131, and the second nitride layer 133 is then deposited
over the first oxide layer 132. A second oxide layer 134 is
deposited on the second nitride layer 133, and a third nitride
layer 135 is then deposited on the second oxide layer 134. The
first and second oxide layers 132, 134 and the second and
third nitride layers 133, 135 can be deposited by chemical
vapor deposition or atomic layer deposition, either of which
may be plasma-enhanced. The first nitride layer 131, the first
oxide layer 132, the second nitride layer 133, the second
oxide layer 134, and the third nitride layer 135 are generally
oxides or nitrides of the same material from which the floating
gates 107 are formed (e.g., silicon dioxide and silicon
nitride).

Subsequent to formation of the IPD 130, a control gate 136
is deposited over the IPD 130. FIG. 1K illustrates device 120
having a control gate 136 formed therecon. The control gate
136 is generally formed from the same materials as the float-
ing gate (e.g., polysilicon), and may be deposited by atomic
layer deposition or chemical vapor deposition.

Although FIGS. 1H-1K are illustrated as having an “I”-
shaped floating gate, it is to be understood that actual pro-
cessing will likely produce a floating gate having more
rounded features as a result of the process conditions and
diffusion rates through various materials. The floating gates
of FIGS. 1H-1K are simplified for explanation purposes.

FIG. 2 is a schematic illustration of a floating gate 207. The
floating gate 207 is disposed over a substrate 102 and a tunnel
oxide 104. Field oxides 110 are positioned adjacent to the
tunnel oxide 104. The floating gate 207 is similar the floating
gate 107, except floating gate 207 is shown has having
rounded edges, which is a more likely to occur in actual
production than the linear edges of the floating gate 107.
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The floating gate 207 has a lower portion 222 disposed on
the tunnel oxide 104, an upper portion 218, and a middle
portion 216 disposed therebetween. The middle portion 216
has a width A which is about 10 nanometers or less. Prior to
reducing the width of the floating gate 207, the floating gate
207 has a thickness of about 20 nanometers. The upper por-
tion 218 has a width B slightly less than about 20 nanometers,
such as about 17-20 nanometers, while the lower portion has
a width C of about 20-23 nanometers. However, it should be
apparent that the widths B and C are dependent upon the taper
of the trenches which define the floating gate 207; thus, it is
contemplated that widths B and C may be equal. Additionally,
it should be apparent that the middle portion 216 may also
have a tapering width depending on the taper of the trenches.
The total height of the floating gate 207 is within a range from
about 50 nanometers to about 100 nanometers. The height D
of the field oxide 110 disposed above tunnel oxide 104 is
within a range from about 10 nanometers to about 20 nanom-
eters.

The upper portion 218 of the floating gate 207 is generally
flared with rounded lateral edges 224 due to the formation and
removal of a silicon nitride cap. However, it is to be under-
stood that the shape of the upper portion of the floating gate
207 is a function of the size of the silicon nitride cap as well
as the amount of oxidation and removal of material from the
floating gate 207. Thus, it is contemplated that the upper
portion 218 may be formed into other shapes, including bul-
bous or rounded shapes. However, it is desirable that the
upper portion does not include sharp or pointed edges.

The middle portion 216 of the floating gate 207 has an
approximately uniform width A, due to uniform diffusionrate
of the oxygen into the floating gate 207 during oxidation of
the floating gate 207. Alternatively, the middle portion 216
may have a slightly tapering width with edges parallel to the
edges of the floating gate 207 prior to oxidation of the floating
gate 207. At location 226, the middle portion 216 transitions
into the lower portion 222. The point 226 corresponds to the
height of the field oxide 110 after the ammonium hexafluo-
rosilicate film formation and removal (as shown in FIG. 1G).
The lower portion 222 has an upper rounded edge 228 caused
by the limited diffusion of oxygen through the floating gate
207 and/or the field oxide 110 during oxidation of the floating
gate 207. The rounded edge 228 is shown as transitioning into
the top surface of the field oxide 110, however, it is contem-
plated that the top surface of the field oxide 110 may be at a
height greater than or less than that of the lower part of the
rounded edge 228.

Benefits of the present invention include floating gate
structures which do not have pointed upper portions. The
floating gate structures of the present invention have flat,
bulbous, or round upper portions which reduce the electric
field intensity near the upper portion of the floating gate and
an IPD deposited thereon. Since the electric field is reduced,
current leakage through the IPD is also reduced, thus improv-
ing device performance and longevity. Additionally, floating
gate formation methods disclosed herein are able to shape the
floating gate structures with relatively fewer oxidation/etch-
ing iterations.

While the foregoing is directed to embodiments of the
present invention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the
claims that follow.
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We claim:
1. A method of forming a floating gate structure, compris-
ing:

exposing an upper surface of a floating gate to nitrogen
radicals to form a first silicon nitride region thereon;

exposing the upper surface of the floating gate to the nitro-
gen radicals at a temperature of about 800° C. or higher
to form a second silicon nitride region thereon, wherein
the second silicon nitride region encompasses the first
silicon nitride region;

after forming the first and second silicon nitride regions,

removing one or more field oxides positioned adjacent
to the floating gate;

oxidizing a portion of the floating gate to form silicon

dioxide;

further removing a portion of the one or more field oxides

and the silicon dioxide of the floating gate; and
entirely removing the first and second silicon nitride
regions from the upper surface of the floating gate.

2. The method of claim 1, wherein the removing one or
more field oxides comprises forming a film of ammonium
hexafluorosilicate and sublimating the film.

3. The method of claim 1, wherein the oxidizing a portion
of'the floating gate comprises thermally oxidizing the floating
gate in an oxygen-containing environment.

4. The method of claim 1, wherein the further removing
comprises forming a film of ammonium hexafluorosilicate
and sublimating the film.

5. The method of claim 1, wherein removing one or more
field oxides positioned adjacent to the floating gate comprises
exposing portions of the floating gate.

6. The method of claim 1, wherein oxidizing a portion of
the floating gate to form silicon dioxide comprises diffusing
oxygen into side regions of the floating gate.

7. The method of claim 1, further comprising conformally
depositing a dielectric material over the floating gate after the
entirely removing the first and second silicon nitride regions.

8. The method of claim 1, further comprises exposing the
one or more field oxides to the nitrogen radicals.

9. The method of claim 7, wherein the dielectric material is
a multi-layer stack comprising at least a first nitride layer, a
first oxide layer, a second nitride layer, a second oxide layer,
and a third nitride layer.

10. A method of forming a floating gate structure, compris-
ing:

depositing an oxide within trenches formed in a polysilicon

layer disposed over a substrate;

performing a polishing process to expose a planar upper

surface of the oxide and a planar upper surface of the
polysilicon layer;
selectively forming a first silicon nitride region on the
planar upper surface of the polysilicon layer by exposing
the planar upper surface of the polysilicon layer only to
nitrogen radicals at a temperature of about 400° C.;

selectively forming a second silicon nitride region on the
planar upper surface of the polysilicon layer by exposing
the planar upper surface of the polysilicon layer to the
nitrogen radicals at a temperature of about 800° C. or
higher, wherein the second silicon nitride region encom-
passes the first silicon nitride region;

after forming the first and second silicon nitride regions,

etching an upper portion of the oxide deposited within
the trenches;

oxidizing an exposed surface of the polysilicon layer;

further etching a portion of the oxide deposited within the

trenches and the oxidized exposed surface of the poly-
silicon layer; and
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entirely removing the first and second silicon nitride
regions from the planar upper surface of the polysilicon
layer.

11. The method of claim 10, further comprising confor-
mally depositing a dielectric material over the polysilicon
layer after the entirely removing the first and second silicon
nitride regions.

12. The method of claim 1, wherein the first silicon nitride
region is formed at a temperature of about 400° C.

13. A method of forming a floating gate structure, compris- 10

ing:
forming a first nitride region on a surface of a floating gate
by a nitridation process;
forming a second nitride region on the surface of the float-
ing gate by the nitridation process at a temperature of
about 800° C. or higher, wherein the second nitride
region encompasses the first nitride region;

10

after forming the first and second nitride regions, etching
one or more field oxides positioned adjacent to the float-
ing gate;

oxidizing a portion of the floating gate to form an oxidized

region;

a portion of the one or more field oxides and the oxidized

region of the floating gate; and

entirely removing the and second nitride regions from the

surface of the floating gate.

14. The method of claim 13, wherein oxidizing a portion of
the floating gate to form an oxidized region comprises diffus-
ing oxygen into side walls of the floating gate.

15. The method of claim 14, wherein the first nitride region
is formed at a temperature of about 400° C.

16. The method of claim 15, wherein the nitridation pro-
cess is performed using a lamp heating, a laser heating, a
heated substrate support, or a plasma heating.

#* #* #* #* #*
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